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VROXWLRQV IRU DQDO\WLFDO SUREOHPV DOWKRXJK LQWHJUDWLRQ RI KLJK SHUIRUPDQFH FRQWLQXRXV VHSDUDWLRQ IXQFWLRQ LV
FKDOOHQJLQJ3DVVLYHPLFURIOXLGLF LQHUWLDO SODVPD VHSDUDWLRQ VWUXFWXUHV FRXOGEH SURPLVLQJ FDQGLGDWHV GXH WR WKHLU
UHODWLYHO\ VLPSOH VWUXFWXUH DQG IDEULFDWLRQ WHFKQRORJ\ >@ =ZHLIDFK)XQJ ELIXUFDWLRQ W\SH PLFURVFDOH VHSDUDWLRQ
V\VWHPVXWLOL]HYLVFRXVOLIWDQGVKHDUIRUFHVHYROYLQJLQWKHORZ5H\QROGVUHJLPHDQGGHYHORSLQJDFHOOGHSOHWHGOD\HU
QHDUWKHFKDQQHOZDOOV7KLVVWUXFWXUHFRXOGSURYLGHH[FHOOHQWSODVPDSXULW\LQVLQJOHEUDQFK>@KRZHYHULQFDVHRI
FDVFDGHVHSDUDWLRQV\VWHPVSXULW\LVGHWHULRUDWHGVXEVHTXHQWO\IURPEUDQFKWREUDQFKGXHWRWKHWKLQQLQJRIWKHFHOO
GHSOHWHGOD\HU,QRXUZRUNWKHSRVVLEOHUHFRYHU\RIWKHFHOOIUHHOD\HUDIWHUHDFKELIXUFDWLRQZDVVWXGLHGFRQVLGHULQJ
LQHUWLDOIRUFHVHYROYLQJLQVSHFLDOJHRPHWULFDOVLQJXODULWLHVWRLPSURYHWKHVHSDUDWHGSODVPDSXULW\

0DWHULDOVDQGPHWKRGV
2.1. Geometry and microfabrication 
6L[GLIIHUHQWJHRPHWULFSHUWXUEDWLRQVZHUHGHVLJQHGWRDLGWKHGHYHORSPHQWDQGUHFRYHU\RIFHOOIUHHOD\HUEHIRUH
HDFKFDVFDGHVLGHEUDQFKHVVHH)LJ7KHVHSHUWXUEDWLRQVZHUHPORQJDQGPZLGH7KHPDLQ
FKDQQHOVZHUHPDQGWKHVLGHEUDQFKHVZHUHPZLGHHDFK
7KHPLFURIOXLGLFFKDQQHOVZHUHUHDOL]HGLQ3RO\GLPHWK\OVLOR[DQH3'06XVLQJVRIWOLWKRJUDSK\WHFKQLTXH68
QHJDWLYHSKRWRUHVLVWZDVSDWWHUQHGWRIRUPWKHPRXOGLQJUHSOLFD>@$WWKHILQDOVWHSRIWKHIDEULFDWLRQSURFHVV3'06
ZDVVHDOHGWRJODVVSODWHE\ORZWHPSHUDWXUHERQGLQJDIWHUR[\JHQSODVPDWUHDWPHQW
2.2. Numerical modeling and validation 
&2062/0XOWLSK\VLFVZDVXVHGWRFDOFXODWHDODPLQDUDQGVWDWLRQDU\YHORFLW\ILHOGE\VROYLQJWKH1DYLHU6WRNHV
HTXDWLRQ7KHSUHFDOFXODWHGYHORFLW\ILHOGWKHQZDVXVHGIRUWKHFDOFXODWLRQRISDUWLFOHWUDMHFWRULHV7KHSDUWLFOHWUDFLQJ
EDVHGPRGHOFDOFXODWHVIROORZVDQGGHSLFWVWKHLQGLYLGXDOSDUWLFOHWUDMHFWRULHVDFFRUGLQJWRWKHK\GURG\QDPLFGUDJ
IRUFHGHVFULEHGE\6WRNHV¶ ODZ7KH OLIW IRUFHZDVQRWFRQVLGHUHGGXH WR WKH ORZ5H\QROGVQXPEHUDQG WKHVPDOO
GLIIHUHQFHEHWZHHQWKHSDUWLFOHDQGZDWHUGHQVLW\/DPLQDULQIORZERXQGDU\FRQGLWLRQZDVDSSOLHGRQWKHLQOHWZLWK
GLIIHUHQWDYHUDJHYHORFLWLHVDQG]HURSUHVVXUHZDVVHWDWWKHRXWOHW2QWKHFKDQQHOZDOOVQRVOLSERXQGDU\FRQGLWLRQV
ZHUHGHILQHGIRUWKHODPLQDUIORZPRGHODQGERXQFHERXQGDU\ZDVXVHGIRUWKHWUDMHFWRU\PRGHODVVXPPDUL]HGLQ
7DEOH6SKHULFDOSDUWLFOHVZHUHXVHGDVDQDSSUR[LPDWLRQRIWKHFHOOJHRPHWU\DQGWKLVDSSURDFKZDVLQDFFRUGDQFH
ZLWKWKHH[SHULPHQWDOPHWKRGVDVZHOO
7RYDOLGDWHWKHUHVXOWVRIWKHFDOFXODWLRQVZHKDYHXVHG\HDVWFHOOVWRPRGHOWKHUHGEORRGFHOOVLQDSRVVLEOHEORRG
DQDO\WHDVWKHLUVL]HFKDUDFWHULVWLFDQGGLVWULEXWLRQLVVLPLODUWRWKHUHGEORRGFHOOV>@'DUNILHOGPLFURVFRS\ZDVXVHG
WRIROORZSDUWLFOHWUDMHFWRULHVIDFLOLWDWLQJWKHUHFRUGLQJRIWKHOLJKWVFDWWHUHGIURPWKHFHOOVFURVVLQJWKHOLJKWEHDP
/RFDOFHOOFRQFHQWUDWLRQIURPWKHODWHUDOGLVWULEXWLRQRIWKHVFDWWHUHGOLJKWLQWHQVLWLHVLHIURPWKHORFDOEULJKWQHVV
OHYHOVRIWKHLPDJHZHUHHVWLPDWHG

7DEOH6XPPDU\RIERXQGDU\FRQGLWLRQVIRUWKHQXPHULFDOPRGHO
%RXQGDU\ 0RGHO %RXQGDU\FRQGLWLRQ 9DOXHV
,QOHW &)' /DPLQDULQIORZZLWKDYHUDJHIORZYHORFLW\ /V
,QOHW 7UDMHFWRU\ 3DUWLFOHLQOHW SDUWLFOHVZLWKXQLIRUPGHQVLW\
&KDQQHOZDOO &)' 1RVOLS 
&KDQQHOZDOO 7UDMHFWRU\ %RXQFH 
2XWOHW &)' 3UHVVXUH 3D
2XWOHW 7UDMHFWRU\ )UHH]H 
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5HVXOWV
3.1. Flow velocity field and particle trajectory model 
7KH YHORFLW\ ILHOGVZHUH FDOFXODWHG DQG YLVXDOL]HG H[SHULPHQWDOO\ DOVR DV GHPRQVWUDWHG LQ )LJ  LQ FDVH RI D
UHSUHVHQWDWLYHJHRPHWU\$WORZIORZUDWHUHJLPHWKHYHORFLW\ILHOGLVVWDEOHKRZHYHUDQRUGHURIPDJQLWXGHLQFUHDVH
LQWKHIORZUDWHUHVXOWVLQUHFLUFXODWLRQVDQGYRUWLFHVLQWKHFKDQQHOVHH)LJ%ZKLFKZDVUHSURGXFHGH[SHULPHQWDOO\
DOVR7KHVHUHFLUFXODWLRQVQHHGWREHDYRLGHGDVWKH\FDQFRPSURPLVHWKHSXULW\RIWKHVHSDUDWHGSODVPD7KHFHOOIUHH
OD\HUZDVDOVRGHWHULRUDWHGDWKLJKHUIORZUDWHVDVSUHVHQWHGLQ)LJ&


)LJ0RGHOHGIORZYHORFLW\ILHOGV$LQDUHSUHVHQWDWLYHVLQJXODULW\LQFDVHRIGLIIHUHQWLQMHFWHGIORZUDWHVFRPSDUHGWRWKHH[SHULPHQWDOO\
UHFRUGHGSDUWLFOHWUDMHFWRULHV%0RIIDWWUHFLUFXODWLRQHYROYHVDWKLJKHUIORZUDWHVDQGGHWHULRUDWHVWKHFHOOGHSOHWHGOD\HUDWWKHRXWOHWRIWKH
VLQJXODULWLHV&

3DUWLFOH WUDMHFWRULHV PRGHOHG LQ &2062/ 0XOWLSK\VLFV ZHUH LQ D JRRG DJUHHPHQW ZLWK WKH H[SHULPHQWV
GHPRQVWUDWLQJWKHGHYHORSPHQWRIFHOOIUHHOD\HUQHDUWKHFKDQQHOZDOODSSO\LQJDGHTXDWHLQWKLVFDVHP/VIORZ
UDWHDVVKRZQLQ)LJ


)LJ0RGHOHG$DQGH[SHULPHQWDOO\UHFRUGHG%SDUWLFOHWUDMHFWRULHVUHSUHVHQWLQJWKHGHYHORSPHQWRIGHSOHWHGOD\HUDIWHUWKHJHRPHWULF
VLQJXODULW\SHULRGLFZLGHQLQJRIWKHFKDQQHO7KHSDUWLFOHGLVWULEXWLRQDQGWKHPHDVXUHGVFDWWHUHGOLJKWLQWHQVLWLHV&LQWKHRXWOHWSODQH
GHPRQVWUDWHWKHHIIHFWRIODWHUDOPLJUDWLRQDWDQDGHTXDWHIORZUDWH
3.2. Efficiency of plasma separation 
7KHVHSDUDWLRQHIILFLHQF\RIWKHGHYHORSHGPLFURIOXLGLFVWUXFWXUHVZHUHGHILQHGDVWKHUDWLRRIWKHVXPRIWKHSODVPD
IORZUDWHDWWKHRXWOHWVRIWKHGDXJKWHUFKDQQHOVDQGWKHLQOHWIORZUDWH7KHFDOFXODWHGYDOXHVDUHVXPPDUL]HGLQ7DEOH
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$OWKRXJKWKHHIILFLHQFLHVVHHPWREHLQVLPLODUUDQJHLQWKHFDVHRIJHRPHWULHVWKHVPDOOHUVLQJXODULWLHVWHQGWR
KDYHEHWWHURXWOHWHIILFLHQFLHV

7DEOH 0RGHOHG SODVPD VHSDUDWLRQ HIILFLHQF\ DW WKH VL[ GLIIHUHQW JHRPHWULF VLQJXODULWLHV:H SURSRVHG WKH WK JHRPHWU\ DV WKHPRVW
SURPLVLQJRQHIRUIXUWKHUVWXGLHVDQGLQWHJUDWLRQLQWRWKHHQKDQFHGSODVPDVHSDUDWLRQV\VWHP
*HRPHWULHV

3ODVPDVHSDUDWLRQ
HIILFLHQF\      

&RQFOXVLRQ
6HULHVRIJHRPHWULFVLQJXODULWLHVVL[W\SHVRIGLIIHUHQWH[SDQVLRQVZHUHLQWHJUDWHGZLWKELIXUFDWLRQVEUDQFKLQJ
IURPPDLQVWUHDPFKDQQHOLQRUGHUWRUHYHDOWKHLULQHUWLDOHIIHFWVRQSDUWLFOHPRYHPHQWLQWKH=ZHLIDFK)XQJW\SH
SODVPD VHSDUDWLRQ V\VWHPV )ORZ EHKDYLRU DQG SDUWLFOH GLVWULEXWLRQ DIIHFWHG E\ JHRPHWULF SHUWXUEDWLRQV ZHUH
FKDUDFWHUL]HGE\&RPSXWDWLRQDO)OXLG'\QDPLFV &)'PRGXOHRI&2062/0XOWLSK\VLFV VROYLQJSUHVVXUH DQG
YHORFLW\ ILHOG DQG 3DUWLFOH 7UDFLQJ0RGXOH FDOFXODWLQJ SDUWLFOH WUDMHFWRULHV 7HVW VWUXFWXUHV ZHUH IDEULFDWHG LQ
3RO\GLPHWK\OVLOR[DQH 3'06 DQG WKH SHUIRUPDQFHRI WKH GLIIHUHQW JHRPHWULHVZDV FKDUDFWHUL]HG H[SHULPHQWDOO\
UHFRUGLQJSDUWLFOHWUDMHFWRULHVE\GDUNILHOGPLFURVFRS\DSSO\LQJGLIIHUHQWIORZUDWHV
:HSURYHGWKDWDSSO\LQJDGHTXDWHIORZUDWHUHJLPH±/VWKHLQHUWLDOIRUFHVLQJHRPHWULFDOVLQJXODULWLHVOHG
WRWKHUHFRYHU\RIWKHFHOOIUHHOD\HUDIWHUWKHELIXUFDWLRQVDOWKRXJKKLJKHUIORZUDWHVJHQHUDWH0RIIDWUHFLUFXODWLRQ
GHWHULRUDWLQJ WKHSODVPDSXULW\7KHHIIHFWVRI ODWHUDOPLJUDWLRQSURFHVVHVZHUH VKRZQERWK LQPHDVXUHPHQWV DQG
PRGHO UHVXOWV 7KH SODVPD VHSDUDWLRQ HIILFLHQFLHV RI WKH GLIIHUHQW JHRPHWULHV ZHUH HVWLPDWHG WR GHILQH WKHPRVW
SURPLVLQJJHRPHWU\WREHLQWHJUDWHGLQWRWKHHQKDQFHGFDVFDGHW\SH=ZHLIDFK)XQJSODVPDVHSDUDWLRQV\VWHPV

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